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Abstract 
Convergence reflects the important economic principles of energy consumption and therefore has 
important theoretical and practical meanings. Considering the fact that the structure and development 
styles of China’s economy have changed significantly since 1980s, the characteristics of energy 
consumption may also change. Using the panel data of 29 provinces in china over the period of 1985-
2012, static and dynamic regression methods are utilized to analyze the convergence in per capita energy 
consumption across Chinese provinces. In order to search for possible breakpoints, the Chow tests are 
conducted for each year’s regression results. The estimation results verify the existence of convergence, 
and there is also a breakpoint at 1996. After 1996, the growth rate of per capita energy consumption is 
higher than the pre-1996 period, but the speed of convergence rate is considerably lower. Per capita GDP, 
the proportion of secondary industry and population density all have significant influences on energy 
consumption and the convergence speed at both stages. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
China’s GDP energy intensity (the ratio of energy consumption to GDP) was approximately four times 
higher than the average of developed countries, and this number was even higher than some developing 
countries like Mexico and Brazil. To handle with these problems, the Chinese government has determined 
to control for holding energy consumption. In the twelfth “Five-year Plan” (2011-2015), the energy 
consumption was limited to be within 40 million tons of standard coal during the five years.
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Since the late 1980s, China’s economy has experienced several radical transformations. The trend of 
energy consumption has also changed substantially. In order to control energy consumption effectively, 
we should first study the trend of energy consumption especially the characteristics of convergence. The 
theory of convergence originates from the study of economy growth. One of the important implications of 
Solow [1956] neoclassical growth model is that the economies with lower initial GDP per capita would 
have higher economic growth rate. Eventually the relatively poor countries can catch up with the 
relatively rich countries in terms of GDP per capita.  
List [1] for the first time analyzed the changes in sulfur dioxide and nitrogen oxide in different states 
of the United States using the methods of time series. His research inspired the interests of follow-up 
researchers. As for recent studies, Liddle [2] studied energy intensity data in 111 countries between 1971 
and 2006. On the basis of analyzing data of all the countries, he made further researches for different 
regions. He reported that there were no convergences for the whole sample but there was evidence for the 
existence of convergent trends in some regions. Jewell [3] utilized a weighted distribution dynamics 
approach to reexamine the convergence in energy intensity across countries in the world. His estimation 
results suggested that although there was no convergence for the whole world, but both in developed and 
developing countries the convergence existed. In recent years, some scholars began to pay attention to the 
convergence of energy consumption.  
The purpose of most relevant studies was to examine the existence of convergences of various kinds. 
However, only a few researchers have investigated the breakpoints of convergence, or changes in 
convergence trends over time. Mark et al. [4] utilized unit root tests to find two breakpoints in the 
convergence in per capita GDP in the United States over a very long period between 1870 and 1994. 
After the adjustments to eliminate influences of the breakpoints are made, they verified the existence of 
the absolute convergence. Cunado et al. [5] applied the same method to analyze the convergence in 
resource price and found several breakpoints of convergence. Recently, Brantley [6] used specific tests 
for endogenous breakpoints to analyze the trend of energy consumption per unit GDP. His estimation 
results indicated that the deterministic trends could be detected in more countries after the breakpoints are 
controlled for.  
Up to now, however, there has been no research on the convergence in energy consumption in China. 
Moreover, considering the fact that China’s economy has experienced several different stages of 
development since the late 1980s, it is very likely that the characteristics of energy consumption in China 
have also changed over time. As a result, the convergence in per capita energy consumption may also 
change during this period. The main purpose of this study is to investigate the existence of convergence in 
per capita convergence across Chinese provinces with the possible breakpoints being fully considered. 
Therefore, this study makes contributions to the empirical literature. Besides, the study results could also 
give some hints to policy makers to formulate better energy policy for controlling for China’s energy 
consumption.  
The remainder of this paper is organized as follows. In section 2, the estimation methods employed in 
this research and the data used are briefly introduced. In section 3, the estimation results are presented and 
discussed. In the final section, the conclusions and policy implications are presented. 
2. Methods and Data 
 2.1. Static panel model 
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In this paper, we use panel date model to analyze energy consumption. First, we construct a 
logarithmic equation as the primary formation for regressions. The equation is described as follows. 
 ൬ ௘೔ǡ೟
௘೔ǡ೟షభ
൰ ൌ ߚ଴ ൅ ߚଵ݈݊݁௜ǡ௧ିଵ ൅ ߚଶܼ௜ǡ௧ ൅ ߤ௜ ൅ ߞ௧ ൅ ߝ௜ǡ௧                                                                          (1) 
Where ݁௜ǡ௧ is the energy consumption of province i in year t, thus 
௘೔ǡ೟
௘೔ǡ೟షభ
  means annual growth rate of 
energy consumption between year t-1 and year t. ܼ݅ǡݐ is column vectors of control variables. ߤ௜ denotes 
individual effect which can influence energy consumption of corresponding province without changing 
over time. ߞݐ stands for time effect and ߝ݅ǡݐ is random error. ߚଵis a parameter testing the null hypothesis 
absolute hypothesis of convergence, while ߚଶis to test the null hypothesis of conditional convergence. ߚ଴
is an independent and identically distributed error term with zero mean and finite variance.   
2.2. Chow test 
Chow test is a statistical and econometric test of whether the coefficients in two linear regressions on 
different data sets are equal. We can make regressions respectively using data before and after a certain 
year. Then we use Chow test to examine whether it is a breakpoint which means a structural change. The 
formula of Chow test is as follows: 
ሺௌ೎ିሺௌభାௌమሻሻȀ௞
ሺௌభାௌమሻȀሺேభାேమିଶ௞ሻ
                                                                                                                 
Where ܵ௖ǃ ଵܵǃܵଶ are residual sum of squares of the groups of all the data, data before the certain 
year and dater after it. ଵܰǃ ଶܰ are amounts of observations in above two groups, k is the number of all 
the parameters.  
Results of Chow test follow distribution of 	ሺ݇ǡ ଵܰ ൅ ଶܰ െ ʹ݇ሻ , we can detect breakpoints by 
verifying whether or not to reject the null hypothesis hypothesis. In this paper, we make Chow test in 
regressions year by year from 1990 to 2012. 
2.3. Dynamic panel data model 
Equation (1) belongs to static model that ignoring dynamic factors. However, the inertia of energy 
consumption determines that current data are affected by preliminary data. Therefore, we need to put this 
factor into regressions, otherwise it may cause errors. We add ݈݊݁௜ǡ௧ିଵ to both sides of equation (1) and 
get the modified equation: 
݈݊݁௜ǡ௧ ൌ ߚ଴ ൅ ɀ݈݊݁௜ǡ௧ିଵ ൅ ߚଶܼ௜ǡ௧ ൅ ߤ௜ ൅ ߞ௧ ൅ ߝ௜ǡ௧                
(2) 
Whereɀ=ߚଵ+1 and meanings of all parameters are same as above. Equation (2) belongs to standard 
dynamic model with fist lagged terms on its right side. Therefore traditional regression methods like OLS 
are not adequate due to the significant serial correlation among residuals. Generalized method of 
moments (GMM) is a generic method for estimating parameters in statistical models, it uses 
predetermined variables and some endogenous variables as instrumental variables which can eliminate 
endogeneity to improve accuracy of regressions. Commonly used GMM methods include first-difference 
GMM and system GMM. The main difference between them is that the former method uses first order 
difference to deal with data in the first place. When analyzing data with large inertial, first-difference 
GMM method may get a smaller coefficient of the first lagged terms due to the weak instrumental 
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variables. This defect can be more significant in analysis of short-term period [Blundell and Bond, 1998]. 
The span of period in our study is only 28 years so that we use system GMM to make regressions.    
3. Data and Analysis 
The data set forms a balanced panel of 28 provinces from 1985 to 2012. The primary data of provincial 
energy consumption are fragmentary so that we collect the data from many different data sources 
including provincial statistical yearbooks, China compendium of statistics and China statistical yearbook. 
The occasional missing data are filled by interpolations.  
Meanwhile we chose the following variables as control variables in this paper: 
(1) Real per capita GDP. GDP per capita is the most frequently used indicator when the energy-related 
issues are analyzed [7, 8]. The data of provincial GDP come from China Statistical Yearbook 1986-2013. 
In this paper, the per capita GDP of all provinces were converted to the real values using 2000 as the base 
year.
(2) Shares of added value of second industry to GDP (secind). Of the total energy consumption, second 
industry accounts for most portion. Oil, steel, manufacturing industries in secondary industry consume a 
large amount of energy [e.g. 9, 10]. These data come from China statistical yearbook1986-2013. 
(3) Population density (popd). Many researches on energy consumption also consider influences from 
population density [e.g. 11, 12]. The rising of population density will increase energy consumption in 
daily life. Data come from China statistical yearbook. 
(4) Urbanization rate (ur). Many Chinese scholars began to study its impacts on energy consumption. 
In the empirical study of Ming et al. [13], they proved that urbanization accelerated the increasing speed of 
energy consumption. Data are from China statistical yearbook. 
4. Regression results and analysis 
4.1. Regressions of static model and analysis of breakpoints 
Based on equation (1), we made regressions by constructing different models to judge the 
convergence of energy consumption. We can compare robustness of results from different models to 
improve accuracy of the judgment. Results of regressions are reported in following table 1. Explanatory 
variable in model (1) and (2) is only natural logarithm of per capital energy consumption. Therefore, they 
will test the absolute convergence. We add other explanatory variables respectively in model (3)-(7) to 
test the conditional convergence and exam specific influences of each variable. All the models control the 
effect of cross sections. We add time trend into model (2) and (8) and employ time period fixed effects in 
other models.     
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Table 1.  Regression results of static equation (1) (1985-2012) 
Variable Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 
C 0.453*** 0.360*** 0.187* 0.648*** 0.459 0.449*** 1.618*** 1.562***
(0.083) (0.072) (0.101) (0.088) (0.106) (0.090) (0.197) (0.186) 
ln(e) -0.055*** -0.052*** -0.075*** -0.076*** -0.113 -0.054*** -0.161*** -0.114***
(0.012) (0.011) (0.012) (0.012) (0.013) (0.012) (0.015) (0.013) 
Ln(GDP) 0.092***  0.077*** -0.037***
(0.02)  (0.021) (0.016) 
ln(popd) -0.165***  -0.167*** -0.164**
(0.024)  (0.025) (0.028) 
secind 0.334  0.321*** 0.332***
(0.05)  (0.050) (0.054) 
tur      0.045 0.026 0.042 
      (1.561) (0.028) (1.279) 
t 0.005***  0.014***
(0.0007)  (0.002) 
R-squared 0.365 0.141 0.383 0.419 0.418 0.364 0.448 0.225 
AIC -2.832 -2.594 -2.859 -2.917 -2.914 -2.810 -2.965 -2.690 
SC -2.499 -2.41 -2.52 -2.572 -2.569 -2.467 -2.614 -2.487 
Notes: ln(e), ln(GDP), ln˄popd˅,second and t are ln of per capital energy consumption, ln of real per capita GDP, 
shares of added value of second industry to GDP, ln of population density and time trend. Figures in brackets 
represent are standard error. Statistical significance indicated by: *** 0.01, ** 0.05,* 0.1 level. 
Coefficients of ln (e) in model (1) and (2) are all significantly negative, suggesting there is evidence for 
absolute convergence in energy consumption. Similarly, its values in model (3) to (8) are also 
significantly negative, that means conditional convergence also exists. The above results show that 
China’s total energy consumption has a convergent trend on the whole.  
Inspired by Kose et al. [14], we made regressions year by year between 1990 and 2012. To study 
changes in convergence trend, we first draw scatter plot of values obtained in above regression and trend 
lines of five-year moving averages is also depicted in it. The figure is as follow. 
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Fig. 1. Scatter plot and trend lines of five-year moving averages of ln(e)’s regression coefficients 
From Fig. 1, we can see that there are two significantly different trends. In the early years, the absolute 
value of coefficients increased all along, but then it suddenly diverted into descending trend. The turning 
point was around the year 1996. To judge the breakpoints, we use the Chow test to check these 
coefficients. The results are displayed in the following Table 2. 
Table 2. Results of Chow test between 1990 and 2007 
Year 1990 1991 1992 1993 1994 1995 1996 1997 1998 
F-Value 0.354 0.552 0.768 0.541 4.437 1.892 2.613 1.625 1.497 
P-Value 1.000 0.998 0.900 0.998 0.000 0.000 0.000 0.003 0.010 
Year 1999 2000 2001 2002 2003 2004 2005 2006 2007 
F-Value 0.912 1.003 1.367 1.024 0.708 0.843 0.473 0.518 0.321 
P-Value 0.670 0.470 0.040 0.430 0.950 0.800 0.9998 0.9991 1.000 
According to principles of Chow test, we can reject the null hypothesis within the 1% significance 
level between 1994 and 1997. It means that the structure of energy consumption has changed during that 
time. In a statistical sense, any year between 1994 and 1997 can be seen as a breakpoint, it illustrates that 
the energy consumption doesn’t change suddenly but went through a period of transition. Considering 
there was an obvious turning point around 1996 and the development trend of economy also changed 
after Asian financial crisis in 1997, we take the year 1996 as a breakpoint. Then we can divide the sample 
period into two sub-samples of 1985-1996 and 1996-2012. 
4.2. Analysis of dynamic regression equation 
To tackle the problem of endogeneity as well as consider dynamic factors, we use system GMM 
method to make regressions of dynamic equation (2) in the whole samples as well as two sub-samples. 
Regression results are as follows. 
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Table 3. Regression results of equation (2)   
Sample 1985—2012 1985—1996 1996—2012
Model 15 16 17 
ሺ݁௧ିଵሻ 0.95*** 0.564*** 0.714*** 
(0.028) (0.140) (0.065) 
lnGDP 0.034 0.151*** 0.131*** 
(0.029) (0.057) (0.047) 
ln(popd) -0.067 -0.553** 0.135 
(0.215) (0.283) (0.465) 
secind 0.130 0.256*** 1.007*** 
(0.084) (0.180) (0.388) 
tur 0.038 0.004** 0.104** 
 (0.270) (0.391) (0.387) 
Hansen test 1.000 1.000 1.000 
A-B test of AR(1) 0.032 0.09 0.029 
A-B test of AR(2) 0.177 0.131 0.075 
Obs./
Instruments 
728/377 280/130 420/264 
Notes: ln(e)_1 is the first order lag of ln(e),it is seen as predetermined variable. ln(GDP) serves as endogenous variable. Figures in 
brackets represent are standard error. Statistical significance indicated by: *** 0.01, ** 0.05,* 0.1 level. 
From the above Table 3 we know that there is provincial convergence in all samples. The convergence 
rate before 1996 is much higher than later. Similar conclusions can also get from analysis of static 
equation. However, the convergence rate calculated by regression results here are relatively lower than 
that in regression results of static equation. It proves the reasonability of using GMM method. Estimated 
coefficients of energy consumption can be lower without considering endogeneity and dynamic factors.  
5. Conclusions and policy suggestions 
This paper analyzes the convergence in China’s energy consumption using both static and dynamic 
regression methods. The possible breakpoints of the convergence are also detected by performing Chow 
test. The main findings could be concluded as follows. 
Firstly, for the whole sample, both absolute and conditional convergences in per capita energy 
consumption across Chinese provinces have been verified. The regression results by FE and system 
GMM methods are basically consistent, but the convergence rate from GMM estimation results is higher. 
Secondly, the structure of the convergence in energy consumption has changed once dramatically 
during the whole sample period. Considering the changes of China’s economic characteristics and the 
Chow test results comprehensively, the year 1996 is chosen as the breakpoint of the convergence.  
Thirdly, the reverse trend of energy consumption is related with the development of the secondary 
industry and especially heavy industry. The process of reindustrialization in China after 2000 stimulated 
the growth of energy consumption. 
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Based on the conclusions mentioned above, we could also make some straightforward policy 
implications for China’s policy makers to control for per capita energy consumption. 
Firstly, due to the existence of provincial convergence, the energy control target should be different in 
different provinces. Specifically, for the provinces with low per capita energy consumption, the energy 
control target should not be too tight; otherwise the economic development in these provinces might be 
affected because the necessary demand of energy consumption may not be satisfied. However, it is 
reasonable to set strict goals for the provinces which already have a high level of per capital energy 
consumption, because these provinces have great potentials to reduce energy consumption according to 
the rules of convergence. 
Secondly, the relatively low convergence at present suggests that the demand for energy consumption 
is still huge. To effectively control for the rapid growth of energy consumption, the current economic 
model that relies heavily on the secondary especially heavy industry. By this token, China should adjust 
industrial structure through accelerating the development of the tertiary industry and the industries with 
new technology and high added-values. Meanwhile, energy-intensive firms and industries in the 
secondary industry should be gradually closed down to adjust and upgrade China’s industrial structure. 
Finally, the policy makers should fully consider these influences on energy consumption when the 
economic development programs are formulated. At present, it is necessary to suppress the ballooned 
energy consumption in southeastern coastal areas to speed up the nationwide convergence rate and lay the 
foundation for further control on China’s total energy consumption.                
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